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The Metallurgic Treatment of
the Iron Ores of South West
Missouri —

Introduction—
During the decade between
1870 and 1880 the iron industry of
Missouri suffered many exceptional
vicissitudes but during
the latter year it was placed upon
a more substantial basis than
it had ever before occupied.
Although the state has lost the
prominent rank it held in iron
producing states prior to 1870 its
future is hopeful and another
decade promises to place it
even ahead of its former position.
Prominent among the Iron
ores of Missouri are the soft or
paint-ores of this section of the state.
Owing to their freedom from
phosphoric acid and sulphur they are
of great value for the production
of pig iron of a quality suitable
for making Bessemer steel.
Until within the last year no
discoveries of coal have been

made in this section of the state
and all the furnaces have been
burning charcoal as the coal regions
are so far away that it would
be very expensive shipping the
coal for their consumption. This
is decidedly an advantage since
the charcoal does not introduce,
during the process of reduction,
any impurities injurious to
pig iron. Pure ores, pure fluxing
and a pure fuel must produce a
good quality of pig iron.
Out of the twenty furnaces
in blast in Missouri twelve are
using charcoal while eight use
coke. And, as there is no coke
furnaces in Southern Missouri,
by giving a sketch of one of these
furnaces and the method of operating
it accompanied by a drawing
representing a vertical section
through the tuyers and one showing
the position of the furnace and
accessory machinery, I hope to be
able to illustrate the Metallurgic
Treatments of the Iron Ores of
Southwest Missouri.
Having chosen Sligo as my
model furnace on account of its

being built after the latest
patern, furnished with all the
accessory apparatus known to
modern metallurgists and because
of its admirable record in
commercial circles as regards the
quality of metal produced, I
made a trip to that furnace
in the latter part of March for
the purpose of collecting notes etc.
for the following article.
This furnace was constructed
in the year 1880 by Mr. E.C. Darley
of St. Louis. It is situated upon
crooked creek about fifteen miles
from Salem and five miles from
the line of St Louis Salem and Little
Rock Railway, with which it is
connected by the Sligo branch
of the same road. It is surrounded
by a section of country
long noted for its heavy timber
and large beds of iron ores.
From the analysis of the
ore given on another page it
will be seen that the amount
Silica greatly exceeds that of the
Alumina. This renders the ore
very easy to work since the most
desirable slag can be obtained without

the addition of a siliceous flex.
I can say nothing new
upon the subject of the Metallurgy
of Iron ores. The science has approached
such a degree of perfection
that very little, if anything, has
been left to be said. The attention
of the modem metallurgist should
be devoted to the mechanical
contrivances which will enable him
to manipulate the work of his
men to the best advantage rather
than to an improvement in the process.
I am indebted to Mr. Chas. Harris,
the foundry man at Sligo, for all
the information I received in
regard to the furnace and the mode
of working.

Dimensions and other data.
Total hight of stack is
56’ - 7”
Hight to upper Iyer line
“
to boshes
Diameter hearth “
boshes
“ stack at tyers
“ Blast pipe (internal)
“ stack at throat
“ tuyere pipe
“ Air receiver
“ Gas flue
Length air receiver
“ hot oven
Width “ “
Dimensions tyress
Temperature of blast
Pressur per sq in -

o

-

19’ 6’ 11’ -

7-32” 3/4
8.’ - 5 . ”
- 8 .”

T 44”
27’28’17’ 30” x 30” x 3.
800 Fah or 437 °C
2 */2 lbs.

Drawings.
Plate I.
Furnace Foundation
Tuyer pipe
Blast Main
Gas flues
Charger
Plate II.
Engine Room
Boiler Furnace and boilers Blast engine
“ regulator
Flue leading to boilers and heater
Cast iron pipes leading from heater
into blast- main
Wrought iron pipes leading from
air receiver to heater
Heater
Cast iron plate upon which the
stack is supported
Gas flues
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The furnace.
The stack has a barrelshaped outline while the
hearth or that part below the
tuyere is slightly conical.
In the construction of furnaces
the first thing to be done is the laying
of the foundation. In this
case it is made of sandstone and
is twenty feet in diameter
at the base. The stack is next
put in. It is composed, first of
an outside casing of wrought iron
and then a layer of common
brick. Inside of this is placed a
layer of fire-brick moulded to suit
the curvature of the stack. A space
is left between the two layers
of brick which is filled with
sand and broken slag. This is left in
order to allow for the expansion
occasioned by the heat. The stack is
supported upon eight cast iron
pillons whose entablature is a
cast iron plate. In building the
stack one of the circular plates
forming the outer casing was
placed first. Then the lining was
put in to the top of that plate. Another
plate was then milled to the first and so on.

The working parts of these
furnaces are put in after the
stack is completed. That part
of the furnace from the boshes to
the foundation is renewed about once
a year. The hearth bottom is
made of a very thick layer of
fire brick laid in the form
of an inverted flat arch. The
sides of the hearth are also made
of the same material and are
two feet thick at the bottom.
There are four tuyers through
which the blast is supplied. They
enter the hearth five feet
above the ground.
At the front or working side
of the hearth a flat arched
opening extends from the
bottom to a little above the tuyer
level. The vertical sides of
this opening extend outward
forming a rectangular cavity
called the fore hearth, and which
is bounded in front by a wall
of fire brick called the dam.
This wall is supported on the
outside by a cast iron plate
called the dam plate. The
arch above the opening is called

the tvmp arch. This is protected
underneath by a cast iron box
containing a coil of wrought
iron pipe through which a
current of water is kept constantly
flowing in order to
prevent the brick work from
being destroyed by the intense
heat and the corrosive action
of the molten slag flowing
beneath.
The taphole is a narrow
vertical slit pierced through
the dam and through which
the molten cast iron is
withdrawn. It is fifteen inches
in height and during the time
the furnace is filling it is
kept closed by means of a
moist cake of soil rammed
lightly in with a crowbar.
A semicircular opening,
called the cinder notch is cut
in the top edge of the damplate through the slag is always
withdrawn just before the hour
of tapping the metal.
The Furnace top.
The top is surrounded
by an iron platform, broad

enough to allow room for handling
the barrows used in charging. This
platform is firmly supported by
iron bars riveted into the side
of the stack.
The Charger.
The charges are dropped into
the furnace by means of a cup and
cone charger. This consists of an
inverted cast iron funnel
firmly secured to the top
of the furnace. An upright
cone of cast iron is suspended
upon a lever working upon a
pivot and which forms an airtight
joint with the mouth of
the funnel to prevent the escape
of gas from the stack. The
lever connects with suitable
mechanism and which, when the
materials have lowered sufficiently
in the furnace, allows
the charge to drop through.
With the cup and cone charger the
charges the charges are more
perfectlymixed than by any
other method. When dropped
into the stack, they form an
[c_____ular] ridge sloping both
toward the center and

circumference of the column. The finer
particles of ore occupy the crest
while the fuel and larger blocks
of ore are mingled together at
the sides.
The Blast
is supplied by a vertical
engine of one hundred and eighty horse
power. The cylinder is six feet in
diameter with a stroke of four feet.
The engine is double acting and is
supplied with valves at each end.
It makes twenty five revolutions
per minute and takes in 113. cu
feet of air at each revolution or
2827 cu ft per minute. The
volume of air entering the
furnace through the tuyers is found
by Mariotte’s formula:
V ’ = v(l+.00366 (t’ - 1’) In which V ’ =
the volume after heating, v = old vol.,
t’ = new temperature and t = old temp.
Substituting for V ’, 2827 for t- 437
°C and
0° for t we get V ’ = 7450 cu ft
This is the theoretical amount
of air entering the furnace but
allowance must be made
for leakage.
Air Regulator.
Before entering the

the heater it is necessary that
the air should be regulated in order
to preserve an even temperature
in the furnace. This is
accomplished by a very simple
device. The air as soon as taken
in by the engine is thrown in a
large cylindrical vessel whose
volume is about nine times as
great as that of air cylinders. This
acts as a reservoir and forces the air
in a regular stream into the heater.
This, however, is not necessary where
the air is carried a long distance
before reaching the heater.
Heat to run all the machinery about
the furnace is obtained by burning
the gases evolved during the process
of combustion in the stack. These
gases enter a flue in the side of the
throat, which leads down to the surface
of the ground. About twelve feet
from the ground it connects with
another flue leading off at right angles
to the other one but at [illegible] towards the ground.
Underneath the surface it connects
with two other flues which lead
off in opposite directions (see Plate II) to
the heater and boiler furnaces. The first flue
forms a reservoir for collecting the dirt from
the gases. It is supplied with a door for removing

This avoids the accidents that
might be caused by choking
up the underground flues.
The hot Oven
This is one Player’s
make and has sixty-four pipes.
The pipes are arranged in four
tiers, each tier containing sixteen
pipes. They are placed
in an upright position and
are elliptical in section. The
air is supplied through one
blast main and leaves it through
another.
The furnace has four
tuyers five inches in diameter
at the nozzle. The air is conducted
from the heater to the tuyers
in cast iron pipes. The tuyers
are surrounded by shells or water
jackets through which cold water
is kept continuously flowing to
prevent them from being
destroyed.
There are three boilers so that in
case of accident or when one
boiler is being cleaned the extra one
may be used as one boiler is
not sufficient to run all the
machinery.

Method of Operating —
When a furnace is new the whole
of the masonry must be perfectly
dried before beginning operations.
The operation of Blowing in was performed
in the month of May 1881 the use
of the normal charge was not attempted
till June.
The ore is obtained from
several banks, the principal ones being
the Simmon’s Hill, Orchard,
Riverside, and Plank Lane. These banks
are all situated near the line
of the St Louis Salem and Little Rock
R.R. between Sligo Junction and
Salem. The ore is taken off the
cars about one hundred yards
from the furnace and carried
up to the second floor of the stock
house in ordinary dump carts
running upon a small inclined
track and drawn by mules. The
ores are all dumped together making
a mixture whose composition varies
greatly. The composition shown
by the analysis given on another
page represents the ore when
I was at the furnace. The ores are
run through a Blake’s rock crusher

and reduced to the size of about
three inches in diameter. Some
of the poorer qualities of ore are subjected
to the process of jigging. This
removes the dirt and lighter
particles of ore.
The Flux.
The fluxing for the furnace
is obtained about one mile
south of the furnace. It is hauled
in large wagons up to the second
floor where it is crushed to suitable
size and dumped on the floor
beneath.
The Charge.
The charging is done in
barrows drawn from the first floor
to the platform around the top
by a hoisting engine.
The charcoal is thrown in first,
the follows the flux and ore.
Fifty-one charges fill the
furnace. Each charge consists of
first, 880 pounds of charcoal and second,
1800 of ore and 250 of flux. The
ore is first weighed in the barrows
the the flux is added and the barrows
re-weighed. Sometimes a few scraps
of rough pig iron are also thrown
in. The furnace consumes,

in twelve hours, 149.430 pounds of
materials.
The ore shows the following composition
by analysis:
12.50 %
Silicic Anhydride
3.21 “
Ferrous Carbonate
Alumina
2.51
78.41
Ferric Oxide
3.92
Volatile Matters
Calcium Carb
trace
100.55
Total
These ores yield an average of
49.96% or iron, but 2.70% of this is
by the slag. This leaves the yield of
Fe at 47.86. [??] 42.8 tons of ore
yields 20.5 tons of pig iron. This is
a very low yield for Sligo owing
to the poor quality of ore. The
average yield is, so the foundry
man informed me, is 24.5 tons
Composition of the Flux.
Calcic Carbonate
Magnesic Carbonate —
Ferric Oxide and Alumina
Silicic Anhvdride
Total
The Slag.
Is of a bluish white color
and is composed of the following:

[taken]

56.46%
41.71 “
.93 “
.76 “
99.86 “

Calcium Oxide
Magnesium Oxide
Silicic Anhydride
Alumina
Ferric Oxide
Total

[illegible]
21.00% of CaO.
12.65 “ of MgO.
56.41 “ of S i0 2.
7.26 “ of A120
2.70 “ ofFeO.
100.02 ”

The ratio of the oxygen of S i0 2: the
ratio of oxygen of the heotoxides: the
ratio of the oxygen of the sesquioxides
:: 10 : 4 : 1 and the slag corresponds
to the following formula:
10(CaO)(Al2O3)2 MgO FeO (SiO2)30.
The slag is tapped at 7 o’ clock
morning and evening and allowed
to run off down an incline
and after cooling is carted off
to the dump.

Composition of the Pig Iron —
3.46%
Graphitic Carbon
.39“
Combined
“
Silicon
“
1.72 “
Iron
94.43 “
100.00
The metal is tapped every
twelve hours. It is allowed to
run through a trough made
of sand into the moulds. The
lower tier of moulds is filled
first so that the metal when
nearly all has run out will
not be wasted by spreading over
so much space. As soon as the
pigs become cool enough to cling
together, though still red hot, they
are lifted up by means of a
crowbar. And one of each pig is
supported upon the pig below in
the next tier and allowed to cool.
The quality of the metal is tested
by several methods. The most
common one will be given here.
When broken if the fracture
shows a coarse crystalline structure
all the way across the face
it is classed as No. 1. The
analysis given above is that of

No. 1. or White iron.
If the crystals are very fine at
the bottom but open across the top
it is classed No. 2. If of a fine
crystalline structure across the entire
up face it is No. 3. There are in all
six classes but those given upon are
the most important. The workmen
become very expert at telling the
class of pig iron and soon learn to
distinguish between them by
external appearance.
I should have liked very much to
have given the cost of producing
a ton of pig iron at Sligo but the
Superintendent of the furnace refused
to impart the necessary information
and I found it impossible for
me to do so. The company mine their its own
ores and ship them over its own
railroad so it would be a very difficult
thing to arrive at the cost of
hauling the ore.
[Note- The only suggestion that I could
make is on the improvements in the method
of conveying the ores from the cars to the
the stock-house. A small hoisting engine
might be used to advantage in drawing
the ore up the inclined track. This would
be less expensive than keeping the mules, and they
could be sold for almost enough to purchase an engine.
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